In this present paper, an inventory model with a generalised exponential decreasing demand is considered. A numerical example is used to illustrate the application of the model. Sensitivity analysis of the optimal solution with respect to various parameters is carried out to see the effect of parameter changes on the solution.
Introduction
In real life, the effect of deterioration is very important in many inventory systems. In general, deterioration is defined as decay, damage, spoilage, evaporation, obsolescence, pilferage, loss of utility, or loss of marginal value of a commodity that results in decreasing usefulness, Wee [1] . Most of physical goods undergo decay or deterioration over time. The proposed model in this paper is for the deteriorating item which has a time-dependent generalised exponential decreasing demand rate and time dependent, linear deterioration rate and a constant holding cost. The items that exhibit the above phenomenon are food items, photographic films, drugs, chemicals, pharmaceuticals, electronic components, blood kept in blood banks and so on. Therefore, the effect of deterioration on these items cannot be disregarded in their inventory systems. time dependent deterioration with associated salvage value where delay in payments is permissible. Another recent work is He and He [14] , who made an extension to consider the fact that some products may deteriorate during storage.
They developed a production inventory model for deteriorating items with production disruptions. The inventory plans and optimal production were provided, in such a way that the manufacturer can minimize the loss caused by disruptions.
Kumar et al. [15] in their research, developed a deterministic inventory model for deteriorating items, where they considered their demand as a quadratic function of time, no shortages are allowed and the effect of inflation rate in the model was assumed to be over a finite planning horizon taking a variable holding cost.
Singh and Pattnayk [16] also in their work presented an Economic Order Quantity (EOQ) model for deteriorating items with time-dependent quadratic demand and variable deterioration, under permissible delay in payment. Dash et al [17] also developed an inventory model for deteriorating items having a time-dependent exponential declining demand rate and time-varying holding cost as a linear function of time. Shortages were not allowed. Aliyu and Sani [18] developed an inventory model for deteriorating items with generalised exponential decreasing demand and linear time-varying holding cost. The rate of deterioration was considered to be a constant. Shortages were not allowed.
In this paper, we consider the same generalised exponential decreasing demand as in Aliyu and Sani [18] but the holding cost is assumed to be a constant while the deterioration rate is assumed to be a linear function of time.
Assumptions and Notation
In formulating the mathematical model, the following notation and assumptions
Assumptions
The inventory system considers a single item only.
The demand rate is deterministic and is a generalised exponential decreasing function of time.
The deterioration rate is considered to be a linear function of time.
Lead time is zero.
There are no shortages.
The inventory system is considered over an infinite time horizon.
The holding cost is assumed to be a constant. ( ) e , 0, 0, 0
Notation
are all constants.
The deterioration rate is a linear function of time given as a bt + .
The holding cost which is a constant is given as iC where C is the unit cost of an item and i is the inventory carrying charge.
C: h t h h t = + was considered while the deterioration rate was a constant but in this paper, we consider the deterioration rate to be a linear function of time given as a + bt, while the holding cost is a constant.
Mathematical Model and Analysis
Applying the above assumptions, we obtained a typical cycle for the variation of inventory level with time as shown in Figure 1 .
As we can observe from Figure 2 , the inventory level gradually decreases from initial stage due to the effect of both demand and deterioration. The solution of Equation (1) 
(see Appendix).
Applying the boundary condition ( ) 0
where T is the length of ordering cycle and t is the current time we are con- 
The initial order quantity can be obtained by putting the boundary condition 
The total demand during the cycle period [ ] 0,T is given as follows:
The number of deteriorated units is given as initial order quantity minus the total demand in the cycle period [ ] 0,T . Thus the number of deteriorated units is ( 
The total inventory holding cost (IHC) for the cycle [ ] 
To solve Equation (8), we can divide the square bracket into two parts, the first part we denote it by D and the second part by E, i.e. The solution of Equation (8) 
TC T TC T T T = >
Therefore to satisfy the necessary condition we have to differentiate equation (11) with respect to T, as follows ( ) 
We now equate Equation (12) We equate Equation (12) to zero simply because we want to determine the minimum cost. This is the necessary condition for getting the roots of an equation which optimise the equation. Thus this is the necessary condition for getting the turning points of the equation. The value of T which we obtain, gives the minimum cost once it satisfies the following condition ( )
Equation (13) is highly nonlinear and therefore difficult to solve by any analytic method. Likewise the same problem will exist in trying to check the inequality in (14) above. However, in all our examples below, we use direct search method to obtain the root of the equation an also confirm that the sufficient condi-American Journal of Operations Research tion (14) is satisfied.
Numerical Example
Example 1 To illustrate the model developed an example is considered based on the following values of parameters: N 0 = ₦5000 per order, 500 K = , C = ₦200 per unit, 0.02
per Naira per unit time, and 2 h = .
Substituting and simplify the above parameters into Equation (13), gives T * = 0.254794521 (93 days). On substitution of this optimal value T * in equations (11) and (4), we obtain the minimum total cost per unit time TC * = ₦323947.1376
and economic order quantity 
Sensitivity Analysis
We now study the effect of changes in the values of the system parameters N 0 , K, β, a, b, C, i, and h on the optimal length of the cycle (T * ), the economic order quantity ( Table 2 . 
Discussion of Results
Observing Table 2 carefully, we can make the following deductions. 
